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Optimization of 8 Functions through Insertion Devices 

It is generally noted that at an undulator straight section, the 

horizontal beta function is made to be large while the vertical beta function 

is relatively small. On the other hand, at a wiggler straight section, both 

horizontal and vertical beta functions are made to be small. In this note we 

describe a procedure with which optimum settings of the beta functions in the 

insertion straight section are to be determined. For this we consider 

separately for the undulator radiation and the radiation from the wiggler 

device. 

Since the brilliance of radiation is a canonically conserved 

quantity, we use the brilliance as a figure of merit for the consideration. 

Then the optimization process is to find a set of horizontal and vertical beta 

functions which would give the maximum brilliance when the natural emittance, 

emittance coupling constant, length of insertion device and the photon energy 

to which the insertion device is optimized are specified. The next step of 

the study is to find sensitivities of the beta functions to the brilliance. 

After having done these, we will attempt to find a set of 

universally optimized beta functions with which all of given kind of the 

insertion device, e.g., all undulators or all wigglers can be operated. The 

purpose of this attempt is that if all undulators, regardless of photon 

energies for which these are optimized, can have the same beta functions, the 

machine lattice becomes quite simpler and can maintain higher periodicity. 

In order to make the description of this study complete, we review 

some of definitions used herein. 

Coupling Constant k: Coupling constant is defined to be 

g = g /11 + k x xo 
g kg /11 + k 
Y xo 
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where exo is the natural emittance of the storage ring, and ex and ey are the 

resultant horizontal and vertical emittances due to the coupling of k, 

respectively. 

Photon flux is defined as number of photons/sec/eV of photon or 

number of photons/sec/O.l% BW. 

Brightness or spectral brightness is defined as 

Brightness = Photon flux/apparent source rms solid angle 

number of photons/sec 

Q (0.1% BW) 

where Q is the apparent rms solid angle of the source: 

and 

Q = 21TS' S' x y (mrad**2) 

S~,y = la' 2 + A/L 
xy 

Here, S~ and S~ are the apparent divergences of the radiation from 

the insertion device in the x and y directions, and a~ and a~ are the rms 

divergences of the electron beam in the x and y planes through the insertion 

device, and A is the wavelength of the photon beam. 

a' = Ie /8 x x x 

a' = Ie /8 y y y 

The brilliance is then defined to be: 

number of photons/sec 

Brilliance = 
S x Q (0.1% BW) 

where S is the rms source area, 
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S 21TS xSy 

Sx /0 2 + (AL + a I 2 L 2 ) /4 = x x 

/0 2 + (AL Sy + a ,2L2)/4 
y y 

ax = rse x 

ay = rse y 

Uundulator Optimization: 

Under the given parameters of €xo' k, and A, the goal is to obtain 

the minimum value of s·n as the function of beta-x and beta-yo In order to 

demonstrate the sensitivities s·n which is the four dimensional transverse 

phase space with respect to the beta functions, we make contour plots of 

l/(S·O) as a function of beta-x and beta-yo 

Figures 1 - 6 show the inverse of the phase spaces for various 

photon energies (1 ~ 20 keV). The contours are normalized to the maximum 

value which is makred with an "H", and each contour line is plot with an 

interval of 2% from the previous. In another word, the inner most contour 

represents 98 percentile and the outer contour represents the 90 percentile 

contour. Also shown in the figures is the phase space value at the peak in 

unit of meter squared. The values at null beta functions are calculated at 

be ta = 0.1 m. 

Figure 7 shows the result of summing all six contours and 

renormalized by dividing by 6. This is an attempt to find a universal setting 

of the beta functions with which all undulator could be efficient. 

Wiggler Consideration 

Detailed consideration of the brightness of wiggler shows that 

Brightness = 2N·3.46l x 106 y2 I (~)2 k2/3
2 (2~ ) 

c c 

which is independent of the wiggler geometry. Therefore, to optimize the 



4 

brilliance of wiggler, we optimize the quantity S. We have studied this for 

the photon energies up to 40 keY, and the results are shown in Figure 8. 

Notice that the brilliance for the wiggler is independent of the photon 

energy. 

Conclusion 

This simple study shows that for about 5 meter undulator, operating 

with Exo = YA10- 9 m and k = 0.1, ax = 12 m and ay = 6 m would provide an 

optimum undulator radiations from 1 - 20 keY range. For wiggler radiation, 

the beta function setting should be around 2 m for all photon energies. 



UNDULATOR PHASE SPACE CALCULATION 
Epsx, Epsy, K2 7.27272727273E-9 7.27272727273E-10 .1 
Photon ~ave Length: in A and in keV 12.397 1 
Insertion Device Length 5.2 
Minnimwm Value of Phs at Bx By 1.34603E-17 8. 5. 

tbrizontal Axis Betax: Vertical Axis Betay 
Plot is mrualized Idith Phase ~ minillUll 

o 2 3 4 5 5 7 8 9 10 11 12 13 14 15 15 17 18 19 20 

o 104 6 7 7 8 8 8 8 888 8 8 8 8 8 7 7 7 7 
1 I 3 28 44 53 !Xj 60 62 62 62 62 62 61 61 61 60 60 59 59 !Xj 57 57 
2 I 4:E 62 74 00 84 ffi Eli ffi ffi ffi to to 84 &1 &1 82 81 81 00 79 
3 I 4435982~~g)9.)9.)9.)%959594~929191 ~ffiOO 
4 I 5 45 71 to 93 fJ1 ~ 100 100 100 ~ 98 ~ 97 g; 95 95 54 93 92 91 
5 I 5 45 71 fE ~ 97 ~ 100 100 100 ~ ~ 98 97 97 g; g) 94 ~ 9292 
5 I 5 45 70 to 92 96 98 99 99 99 ~ 98 97 96 g) g) 94 93 92 91 91 
7 I 44459&1~94%979797$%g)9494~92919)~ffi 
8 I 4 43 68 81 00 92 94 g) g) g) 94 94 93 92 92 91 9) ffi IE IE 87 
9 I 4lQ{ij79fE9)9292~9292919190ffiffilE87fE!E1E 

10 I 4 41 64 77 84 00 ffi 9) 9) 9) 9) ffi ffi IE 87 87 ffi IE 84 84 &1 
11 I 4 40 63 75 82 86 87 IE 00 00 IE 87 87 ffi IE 84 84 83 82 82 81 
12 I 4:E 51 74 00 84 IE 86 ffi 85 86 85 84 84 &1 82 82 81 00 00 79 
13 1 4:E 60 72 78 82 &1 84 84 84 84 &1 &1 82 81 81 80 79 78 78 77 
14 I 4 37 59 70 77 00 81 82 82 82 82 81 81 00 79 79 78 77 77 76 75 
15 I 4 36 57 69 75 78 00 80 80 80 80 7S 79 78 78 77 76 76 75 74 74 
16 I 4 36 56 67 73 76 78 79 79 79 78 78 77 77 76 75 75 74 73 73 72 
17 I 4 1) 55 66 72 75 76 77 77 77 77 76 76 75 74 74 73 73 72 71 71 
18 I 3 34 54 55 70 73 75 75 76 75 75 75 74 74 73 72 72 71 70 70 59 
19 I 3 33 53 63 59 72 73 74 74 74 74 73 73 72 72 71 70 70 69 69 68 
20 133352626871727373737272717170706968686767 

... lnl ...... /I!iQ~y R:;1~.~orzldli~~"t:;:!~~e.-""1! 2. 

HDrizontal Axis (ri~t): Betax retween O. 20. 
Vertical Axis (cbm) : 8etay rebaleen O. 20. 

Figure 1 



UNDULATOR PHASE SPACE CALCULATION 
Epsx, Epsy, K2 7.27272727273E-9 7.27272727273E-10 .1 
Photon Wave Length: in A and in keV 2.4794 5 
Insertion Device Length 5.2 
Minnimwm Value of Phs at Bx By 7.45302E-18 13. 7. 

f-brizontal Axis Setax: Vertical Axis 8etay 
Plot is oorBialized laJi til Pmse ~ miniwn 

o 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

o I 0 2 3 4 4 5 5 5 5 5 5 5 5 5 5 5 5 5 555 
1 I 2 20 32 :E l!3 4S liJ 47 li3 ~ 16 16 16 16 16 16 16 16 16 16 16 
2 I 3 31 50 60 fij 70 72 73 74 74 75 75 75 75 75 75 75 75 75 74 74 
3 I 4 37 59 71 78 K3 IE 87 87 00 00 89 89 89 89 89 89 89 00 00 00 
4 I 4:E53778589929394~~$$~$$~~~~~ 
5 I 4 41 6S 79 87 92 ~ g; 97 ~ ~ ~ ~ ~ ~ 99 99 93 ~ ~ ~ 
6 I 4 41 ttl 00 00 93 $ 97 ~ 99 100 100 100 100 100 100 100 100 99 99 99 
7 I 4 lJ.1 (Xl 00 Ell ~ g; 97 93 99 100 100 100 100 100 100 100 100 99 99 99 
8 I 4lJ.1ttloooo92~97~999999999999999999999999 
9 I 4lJ.16S798792943)97~9j~~99~939393939393 

10 I 4 40 64 7B 86 91 93 ~ $ 97 97 97 97 97 97 97 97 97 97 97 97 
11 I 4 lJO 64 77 IE 89 92 94 ~ ~ 3) g; g; !Ii g; g; g; g; 3) g; ~ 
12 I 4:fl 53 76 84 00 91 93 94 94 ~ ~ ~ ~ ~ ~ ~ ~ ~ 94 94 
13 I 4:E 62 75 83 87 9J 91 92 ~ ~ 94 94 94 94 94 94 93 ~ ~ ~ 
14 I 4 38 61 74 82 86 00 90 91 92 92 92 92 92 92 92 92 92 92 92 92 
15 I 4 II 60 73 81 IE 87 89 9J 90 91 91 91 91 91 91 91 91 91 91 90 
16 I 4 37 60 72 79 84 86 00 89 89 90 90 90 90 90 90 90 90 90 89 89 
17 I 4 37 59 71 78 83 IE 86 87 88 88 89 89 89 89 89 89 88 Ell 88 Ell 
18 I 4 l) 58 70 77 81 84 85 86 87 87 87 00 00 00 B7 87 87 B7 B7 87 
19 I 4 l) 57 69 76 00 K3 B4 IE Eil 86 86 IE 86 lli lE lE !E lli III lli 
20 I 3:fi 566975798283848585851E1E1E IE 85858585 IE 

w 

HI n I ...... ' ~~1 ~~ 1~.~'1'f4I~~"t:i!!~ ~H-va I, 2. 

f-brizontal Axis (ri~t): Betax ooheen O. 20. 
Vertical Axis (chm) : Be~ ooUdeen O. 20. 

Figure 2 



UNDULATOR PHASE SPACE CALCULATION 
Epsx. Epsy. K2 7.27272727273E-9 7.27272727273E-10 .1 
Photon Wave Length: in A and in keV 1.2397 10 
Insertion Device Length 5.2 
Minnimum Value of Phs at Bx By 5.57951E-18 15. 8. 

Horizontal Axis Betax: Vertical Axis Betay 
Plot is oormalized lIIith Phase S!:a:e miniRun 

o 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

o I 0 2 3 4 4 4 4 4 4 5 5 5 5 5 5 5 5 5 555 
1 I 2 18 13 l) :E 41 43 43 44 44 l6 l6 l6 l6 it) '6 it) '6 l6 l6 45 
2 I 3 29 l6 :i) 62 65 67 69 70 70 71 71 71 71 71 71 71 71 71 71 71 
3 I 3 35 :i). 68 74 78 81 82 83 84 ffi ffi ffi ffi 85 ffi ffi ffi !E 85 ffi 
4 I 4 II 60 74 81 85 00 ~ 91 92 92 92 93 93 93 93 93 93 93 93 93 
5 I 4:E 63 77 84 89 92 93 95 95 95 96 97 97 97 97 97 97 97 97 97 
6 I 41116478t1l9194959797~~999999999999999999 
7 I 4 III 65 79 87 92 94 !Ii 97 ~ 99 99 99 100 100 100 100 100 100 100 100 
8 I 4 fA} 65 79 87 92 95 $ ~ ~ 99 99 100 100 100 100 100 100 100 100 100 
9 I q fi) 65 79 87 92 94 95 97 ~ 99 !E !E 100 100 100 100 100 100 100 100 

10 I 44065798791949697~~9999!E99999999999999 
11 I 4 fA} 64 78 ffi 91 93 95 95 97 ~ ~ 9l 99 99 99 !E 99 !E 99 99 
12 I 4 40 64 78 85 ~ 93 95 95 97 97 97 ~ ~ ~ ~ ~ ~ ~ ~ ~ 
13 I 4:E 63 77 85 89 92 94 95 96 95 97 97 97 97 97 97 97 97 97 97 
14 I 4:E 63 76 84 89 91 93 94 95 95 96 95 96 96 97 97 97 97 95 96 
15 I 4:E 62 76 83 00 91 92 93 94 95 95 95 9:) 96 96 95 95 96 95 ~ 
16 I 4:E 62 75 fD 87 ~ 91 93 93 94 94 95 95 95 95 95 95 95 95 95 
17 I 4:E 61 74 82 ffi 89 91 92 93 93 93 94 94 94 94 94 94 94 94 94 
18 I 4:E 61 74 81 til 00 ~ 91 92 92 93 93 93 93 93 93 93 93 93 93 
19 I 4 J1 60 73 00 85 87 89 ~ 91 91 92 92 92 92 S2 S2 S2 92 92 92 
20 I 4 37 60 72 00 84 87 00 89 ~ 91 91 91 91 92 92 92 92 92 92 91 

H 

Array h ... 21 .. __ Uld 2J .,.,1 ...... 
Mini .... : 99: 11.,., .... " alii: Con~""'r In~.,....".l! 2. 

I-hrizontal Axis (ri~t>: 8etax oohem O. 20. 
Vertical Axis (chdn) : 8etay oob.een O. 20. 

Figure 3 



UNDULATOR PHASE SPACE CALCULATION 
Epsx, Epsy, K2 7.27272727273E-9 7.27272727273E-10 .1 
Photon Wave Length: in A and in keV .825455555557 15 
Insertion Device Length 5.2 
Minnimum Value of Phs at Bx By 5.25298E-18 19. 9. 

fJorizontal Axis Betax: Vertical Axis 8etay 
Plot is mnalized ~ith Phase Spa:;e lIIinirun 

o 1 2 3 4 5 5 7 8 Q 10 11 12 13 14 15 15 17 18 19 20 

o I 023 3 4 4 4 4 444 4 444 4 4 4 4 4 4 
, I 2 18 al 34 13 lKJ 41 42 42 43 43 43 43 44 44 44 44 44 44 44 44 
2 I 3 28 16 55 50 53 55 b1 ffi 58 59 59 59 59 59 59 59 70 70 70 70 
3 133454ffi1377798082828383838484848484848484 
4 I 4 37 59 72 79 84 fli 00 89 ~ ~ 91 91 91 91 92 92 92 92 92 92 
5 I 41362758387~92~94959595959)9)9)9)9)9)~ 
5 I 4395377ffi899294959)9797~~~919191919191 
7 I 4ttJ6478fE91~959797~~~~~~~~~~~ 
B I 4 '«} 64 78 fE 91 94 9) 97 ~ ~ 99 ~ 99 100 100 100 100 100 100 100 
9 I 4 ill 65 79 87 91 9lI ~ 97 91 ~ ~ ~ 100 100 100 100 100 100 100 100 

10 I 4 '«} 64 78 fli 91 94 9) 97 91 ~ ~ 99 99 100 100 100 100 100 100 100 
11 I 4 lj) 64 78 fli 91 9lI ~ 97 93 ~ ~ ~ ~ ~ ~ 100 100 100 100 100 
12 I 4 40 64 78 fli ~ ~ 95 9) 97 ~ 91 99 ~ 99 ~ 99 99 99 ~ 99 
13 I 4 lj) 64 78 IE ~ ~ 95 9) 97 97 ~ ~ 93 ~ ~ ~ ~ ~ ~ 99 
14 I 4 39 53 77 ffi ~ 92 94 95 % 97 97 91 ~ 91 91 91 91 91 91 ~ 
15 I 4 39 53 77 84 89 92 94 95 ~ 9) 97 97 97 97 97 93 91 91 ~ ~ 
15 I 4 39 53 76 84 00 91 ~ 94 95 ~ ~ 9) 97 97 97 97 97 97 97 97 
17 " I 4 39 62 76 83 00 91 92 94 94 95 95 9) 9) g; ~ 9) il 9) ~ 9) 
18 I 4 13 62 75 83 87 90 92 ~ 94 94 95 95 95 96 96 ~ 96 96 96 96 
19 I 4 13 61 75 82 87 89 91 92 ~ 94 94 95 95 95 95 95 95 95 95 95 
20 I 4 13 61 74 82 Ell 89 91 92 93 93 94 94 94 94 94 94 94 94 94 94 

H 

FIr .... , h ... 21 .. ,-_o..nd 22 I>D I.,."... 
Mini ... ! 99: ".xt ... ~ JIEtII: Con"tDUr In't£:r~l! 2. 

fJorizontal Axis (rig,t): Betax ootbeen O. 20. 
Vertical fbcis (tham) : Betay oo~n O. 20. 

Figure 4 



UNDULATOR PHASE SPACE CALCULATION 
Epsx, Epsy, K2 7.27272727273E-9 7.27272727273E-10 .1 
Photon Wave Length: in A and in keV .729235294118 17 
Insertion Device Length 5.2 
Minnimum Value of Phs at Bx By 6.17140E-18 19. 9. 

Horizontal Axis 8etax: Vertical Axis 8etay 
Plot is roI'llkllized with Phase Spa:e minirun 

o 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

o I 0 2 3 3 4 4 4 4 4 4 444 4 4 4 4 444 4 
1 I 2 17 28 34 37 :E 41 42 42 42 lJ3 lJ3 lJ3 lJ3 lJ3 lJ3 lJ3 lJ3 lJ3 lJ3 lJ3 
2 I 32844546063656667686868696969696969696969 
3 1333546572767800B18282838383838383m83m83 
4 I 4 lJ 59 72 79 83 fl) 87 89 89 ~ ~ 91 91 91 91 91 91 91 91 91 
5 I 438617583879)92!E9lI9lI~~~~~~~9)9)9) 
6 I 4396377B5899294!E~~979797~~~~~~~ 
7 I 4406478lE9)!E~9)979j9j~9999999999999999 
8 I 4 40 64 78 fl) 91 94 9) 97 ~ ~ 99 99 99 99 100 100 100 100 100 100 
9 I 4 40 64 78 lE 91 9'1 9) 97 ~ 99 99 99 100 100 100 100 100 100 100 100 

10 I 4 40 64 78 fl) 91 94 ~ 97 ~ ~ 99 99 99 100 100 100 100 100 100 100 
11 I 4 40 64 78 flj 91 9'1 9) 97 ~ ~ 99 99 99 99 100 100 100 100 100 100 
12 I 4 40 64 78 fl) 91 !E !E ~ 97 9j ~ 99 99 99 99 99 99 99 99 99 
13 I 4 40 64 78 lE 9) !E ~ 9) 97 9j !E 9j 99 99 99 99 99 99 99 99 
14 I 4 39 63 77 B5 ~ !E 94 ~ ~ 97 9j ~ ~ ~ ~ ~ ~ 99 99 99 
15 I 4 39 63 77 B5 89 92 9'1 ~ g; 97 97 97 ~ 9j 9j 9j ~ 9j 9j 9j 
16 I 4 39 63 76 B4 89 92 !E !E 95 ~ 97 97 97 97 97 97 97 97 97 97 
17 I 4:E 62 76 84 00 91 !E 9'1 95 9) 9J ~ 9J 97 97 97 97 97 97 97 
18 I 4 39 62 76 m 88 91 92 9lJ 94 !E 95 ~ ~ ~ ~ 9l 9i ~ ~ ~ 
19 I 4 38 62 75 83 87 9) 92 !E 9'1 9lJ ~ 95 ~ 3) 9) 9J 5) ~ 9J 3) 
20 I 4 38 61 75 82 87 89 91 92 93 94 94 95 95 !E 95 95 95 95 95 !E 

H 

Ar~ .. y h ... 21 r,-_and 21 "",1_. 
Hlnl .... :!jg: "_1 .... : JIdII: Cnn"tour In~.,...,. .. l, 2. 

Horizontal Axis (ri!ilt): 8etax ~tween O. ~. 
Vertical Axis (ch.m) : Betay ~b.een O. ~. 

Figure 5 



UNDULATOR PHASE SPACE CALCULATION 
Epsx, Epsy, K2 7.27272727273E-9 7.27272727273E-10 .1 
Photon Wave Length: in A and in keV .51985 20 
Insertion Device Length 5.2 
Ninnimwm Value of Phs at Bx By 5.07539E-18 20. 10. 

thr izontal Axis Betax: Vertical Axis Betay 
Plot is Illrmaliza::J with Phase Sp;ce mininJn 

o 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

o I 023 3 4 4 4 444 444 4 4 4 4 4 4 4 4 
1 I 2 17 28 34 37 :E lj) 41 1I2 1I2 1I2 42 43 43 43 43 43 43 43 43 43 
2 132744545962646666676768686868686868686969 
3 1333536571757879008182828282K3K3K3K3K3K3K3 
4 I 4 li 58 71 78 82 85 87 88 89 89 91 91 91 91 91 91 91 91 91 91 
5 I 4:E 61 74 82 lE 89 91 92 ~ 94 94 94 ~ ~ ~ ~ ~ ~ ~ ~ 
6 I 4:E 63 76 84 89 91 ~ ~ ~ 9i 9i 97 97 97 97 97 97 ~ ~ ~ 
7 I 4:E6477ffi~~!E9i9797~~~~~~~~~~ 
8 I 4 lj) 64 78 lE 91 ~ ~ 97 97 ~ ~ ~ ~ ~ ~ ~ 100 100 100 100 
9 I 4 lj) 64 78 lE 91 94 9i 97 ~ 9] ~ ~ ~ 100 100 100 100 100 100 100 

10 I 4 lj) 64 78 lE 91 94 9i 97 ~ 9] ~ ~ ~ 100 100 100 100 100 100 100 
11 I 4 lj) 64 78 lE 91 94 9i 97 !E !E ~ ~ ~ 100 100 100 100 100 100 100 
12 I 4 40 64 78 ffi 91 ~ ~ 97 97 !E ~ ~ ~ ~ ~ ~ 100 100 100 100 
13 I 4 lj) 64 78 lE 90 ~ !E 9i 97 !E !E ~ ~ ~ ~ ~ ~ ~ ~ ~ 
14 I 4:E 64 77 85 91 ~ ~ 9i 97 97 !E ~ ~ ~ ~ ~ ~ ~ ~ ~ 
15 I 4:E 63 77 ffi 9) 92 94 ~ 9i 97 97 ~ !E gj !E ~ ~ ~ ~ ~ 
16 I 4:E 63 77 85 89 92 94 ~ 9i 97 97 97 ~ ~ ~ ~ !E ~ 98 ~ 
17 I 4:E 63 76 84 IE 92 ~ ~ !E 9) 9) 97 97 97 97 97 !E ~ !E ~ 
18 I 4 39 62 76 84 88 91 ~ 94 ~ 9i 9i 9) 97 97 97 97 97 97 97 97 
19 I 4:E 62 76 K3 00 91 92 94 94 ~ 9) 9) ~ 9) 9i 9) 97 97 97 97 
20 I 4116275K3879192~94~~959i9i9i9i9i9i9i9i 

Hlnl .... II.~~y ~::I~.~~~~-t~~~erv..l! 2. 

thrizontal Axis (ri~t>: Betax ~baeen O. 20. 
Vertical Axis (cham) : 8etay ~bdeen O. 20. 

Figure 6 



I) 1 2 3 4 5 6 7 B 9 10 11 12 13 14 15 15 17 18 19 20 

o I 0 2 3 4 5 5 5 5 5 5 5 5 5 5 5 ) 5 ) 5 5 ~ 
1 I 2 20 32 38 42 44 45 45 47 47 47 47 47 47 47 47 47 47 47 47 47 
2 I 3 30 48 59 55 68 70 71 72 72 73 73 73 73 73 73 72 72 72 72 72 
3 I 4 lJ 57 70 76 SO 83 84 ffi fE g; g; 85 B5 til 85 ffi 85 85 ffi ffi 
4 I 4 39 62 75 82 87 89 gl 92 92 93 93 93 93 93 93 93 93 92 92 92 
5 I 4406478ffi909294~~~~%95~~959)~~~ 
6 I 4 41 55 79 87 91 94 95 % 97 97 ~ ~ 98 'll :E ~ 97 97 97 97 
7 I 4415579879294~97~~~9898~~~!E!E~97 
8 I 4 41 55 79 87 91 94 ~ 97 97 ~ 98 ~ 98 ~ ~ 98 ~ ~ ~ 97 
9 I 4 liJ 55 79 87 91 94 ~ 9j 97 97 !E !E 98 98 ~ 98 97 97 97 97 

10 I 4 t() 64 78 ffi ~ 93 95 ~ 9J 97 97 97 97 97 97 97 97 97 97 % 
11 I 4 liJ 64 78 ffi 90 92 94 ~ % % 9) 9j ~ 95 ~ 9j !Ii % 9j 95 
12 I 4 39 63 77 85 89 92 93 94 ~ 95 95 % ~ 9) 9) 95 95 ~ 95 95 
13 I 4 39 63 76 84 00 91 92 93 94 94 ~ 95 95 95 ~ 95 94 94 94 94 
14 I 4 39 62 75 83 87 ~ 91 92 93 93 94 94 94 94 94 94 94 93 93 93 
15 I 4 11 62 75 82 IE 89 91 92 92 93 93 93 93 93 93 93 93 93 92 92 
16 I 4 11 61 74 81 fI) 00 ~ 91 91 92 92 92 92 92 92 92 92 92 92 91 
17 I 4 11 60 73 81 ffi 87 89 ~ ~ 91 91 91 91 91 91 91 91 91 91 91 
18 I 4 37 60 73 80 84 fI) 00 89 ~ ~ 90 ~ 90 90 90 ~ ~ 90 ~ ~ 
19 I 4 37 59 72 79 83 fI) 87 00 89 89 8S 89 90 90 E9 89 8S E9 8S 89 
20 I 4 37 59 71 78 82 ffi ffi 87 00 88 89 89 89 89 89 89 ffi 88 88 88 

Figure 7. Summed Contour Plot of Fig. 1-6. 



WIGGLER RADIATION PHASE SPACE CALCULATIUN 
Epsx, Epsy, K2 7.27272727273E-9 7.27272727273E-10 .1 
Photon Wave Length: in A and in keV .309925 40 
Insertion Device Length 5 
Ninnimum Value of Phs at Bx By 1.17417E-08 2. 2. 

f-Vrizontal Axis Setax: Vertical Axis 8etay 
Plot is rmElim:lldith ffuse ~ lIinln.ml 

o 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

o I 8 25 29 29 'll 25 24 23 22 21 20 19 18 18 17 16 16 15 15 15 14 
1 I 25 l5 87 ffi ~ 78 73 69 ffi 62 ro r:i1 55 53 51 ~ ~ Ifl 16 44 1I3 
2 I 28 87 100 100 95 ~ B4 00 76 72 69 ffi 63 61 59 57 ~ 54 52 51 :iI 
3 I 28 lIj 100 ~ 95 ffi 84 79 75 72 69 ffi 63 61 59 57 55 54 52 51 ~ 
4 I 'll B2 95 95 ~ ffi 00 76 72 68 65 63 ro :x1 ~ 54 53 51 :iI 49 47 
5 12578~ffiffiOO767268656259575553~~~Ifl~16 
6 I ~73ffi840076n~~@:x1~5452:i1~Ifl~~lI3~ 
7 123690000~72~~ffi~55~~~Ifl~~~~~~ 
8 122~76767268~ffi575552~~~~1I3~~~~~ 
9 I~6272726965@~5552:i1~~~~~~~~~~ 

10 I 20 ro 69 69 ffi 62 :x1 55 52 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 
11 I 19 57 ~ ffi 63 59 ~ ~ ~ ~ 16 44 LQ ~ ~ ~ 'Jl ~ ~ 34 l3 
12 I 18 55 ~ 63 ro 57 54 51 ~ ~ ~ ~ ttl ~ ~ ]) ~ ~ l3 l3 32 
13 I 17 53 61 61 :x1 55 52 ~ ~ 4'1 LQ lj) l3 :E ~ ~ 34 l3 32 31 31 
14 I 17 51 59 59 ~ 53 ~ 47 ~ 43 41 ~ :E ]) ~ ~ l3 32 31 II II 
15 I 16 ~ 57 57 55 51 ~ Ii) ~ 41 ~ :E 1) ~ 34 l3 32 31 ]) II 29 
16 I 16 ~ ~ 55 53 ~ 47 4'1 ~ ttl ~ 37 :E ~ l3 32 31 1I 29 28 28 
17 I 15 47 54 54 51 ~ Ii) ~ ~ ~ 'Jl ~ 34 l3 32 31 II 29 28 28 'll 
18 I 15 46 53 52 ~ 47 4'1 42 ttJ ~ :Ii ~ l3 32 31 II 29 28 28 'll 26 
19 I 15 44 51 51 49 16 1I3 tr1 ~ 37 :E 34 l3 31 II 29 28 28 'll 26 3) 
20 I 14 1I3 ~ ~ ~ ~ ~ ttJ ~ :Ii 34 l3 32 31 ]I 29 28 'll 3) 3) 25 

I1lnl ..... '~~r ~:::,~.~~~~~~~.:.--1: 2_ 

f-Vrizontal Axis (ri~t>: Setax tEWeen O. 20. 
Vertical Axis (dM1) : Betay ootween O. 20. 

Figure 8 


